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(57) Abstract 

Apparatus and a method for measuring flow rate is described which allows measurement of the flow rate of separate phases of a 
multi-phase fluid. In one embodiment two flowmeters (12, 18) are disposed in series separated by a choke or orifice plate (16). The choke 
(16) causes the gas phase to break from the oil phase. Bulk flow rate is measured before and alter the orifice plate and density meters (32, 
34) measure the fluid density at each flowmeter to give the oil/water ratio values before and after the orifice plate (16). From this data the 
bulk flow rates at atmospheric conditions can be determined for each phase. Alternative embodiments of the invention are described. 
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APPARATUS AND A METHOD FOR MEASURING FLOW RATE 

This invention relates to apparatus and a method for 
measurement of the rate of flow of hydrocarbon products 
from a reservoir. 

In order to determine the deliverability and 
commercial ity of a reservoir it is necessary to compare 
the reservoir pressure characteristics against the volume 
of well fluids produced; this enables the boundaries, 
permeability and porosity of the reservoir to be 
determined. 

Fluid extracted from a reservoir frequently exists in 
more than one phase and it is desirable to know the 
individual flow rates of the separate phases, for example, 
in the case of oil extraction from a reservoir, quantities 
of water and gas will be recovered in addition to the oil. 

The flow rates of fluid recovered are monitored 
utilising a test separator. Products extract are passed 
through the test separator and are split by gravitational 
effects into the individual components and the flow rate 
of each component is measured. This technique for 
measuring flow rates is somewhat limited; for example, a 
normal production platform can have as many as 40 
producing wells but because of space and weight 
restrictions only one test separator may be installed. 
Hence the actual flowing parameters of each well will only 
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be available for analysis for circa 1/4 Oth of the life of 
a well so that the depletion and productivity information 
obtained will be severely limited. 

Furthermore, prior to placing a platform and 
establishing production facilities it is necessary to 
establish the productivity of the reservoir. This is 
achieved by drilling and testing of exploration, and 
appraisal wells. To test these a large quantity of 
mobile test equipment has to be installed upon the rig 
which is a time consuming and expensive operation 
requiring high numbers of personnel to install and operate 
the equipment. 

Flow meters which measure a single phase fluid are 
well known, two of the most common types being a venturi 
meter and an orifice meter. By measuring the gravity of 
the fluid and the differential pressure created across the 
meter accurate flow rates can be determined.. Recent 
advances in the technology have seen these systems 
installed in the lower portion of the well conduit, where 
the pressure of the extract products is particularly high 
and the gas component is dissolved in the liquid phase. 
It is particularly preferred, for this reason, that the 
pipe section in which the flow aoeter is incorporated is 
positioned at a location at which the pressure is greater 
than the bubble point pressure of the liquid so that the 
product whose flow rate is being measured consists only of 
liquid (the gas portion being an immiscible component) . 
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A meter which is capable of measuring all produced 
phases without recourse to the separation of these phase 
would be highly desirable. Published international 
patent application No 91/15738 discloses a device for 
measuring multi-phase fluid flow which includes first and 
second flow meters connected in series for measuring first 
and second fluid flows. This device discloses flowmeters 
which have impellers which are rotated by the movement of 
fluid past then. These impellers obstruct flow and lead to 
inaccurate calculation of separate phase flow rates. In 
addition, the density of the fluid is not measured at each 
flowmeter but an average density is measured and requires 
a vertival container. This spatial orientation is a 
considerable disadvantage in locating such equipment 
offhore and the average density value leads to inaccurate 
results which compound inaccurasies from the impeller type 
flowmeters. 

An object of the present invention is to provide a 
method and apparatus for measuring the flow rate of each 
phase of a multi-phase fluid, particularly a 3 -phase 
fluid, which obviates or at least one of the 
aforementioned disadvantages. 

This is achieved by providing two flow meters in 
series or in parallel with a choke or orifice associated 
with said flowmeters which can be used in any orientation 
and which have density meters associated with each flow 
meter. Flow measurements in the first flow meter yield a 
first bulk flow rate value. 
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The choke causes a gas phase to break from the oil phase 
resulting in a total fluid volume increase and velocity 
increase and the second bulk flow rate is measured in the 
second flow meter. A comparison of the initial to 
secondary bulk flow rate and a change of water/oil ratio 
is used to provide the total flow rate of each phase and f 
using appropriate calculations, flow rate at atmospheric 
conditions for each phase can be obtained. Density 
meters are coupled to the primary and secondary flow 
meters for measuring value fluid density for use in 
calculating the flow rate for each flow meter. The 
density meters can be based on measurements using a 
parallel pipe or using a microwave-based system, such as 
the STAR water-cut monitor (Texaco) . 

In one arrangement, the flow meters are based on 
Venturis separated by a flow restriction and in an 
alternative arrangement the flow meters use orifice meters 
instead of Venturis. 

The orifice between the flow meters can be adjustable 
allowing the flow rate of the well to be altered at will 
and permitting well productivity to be calculated at 
different flow rates. In addition, it will be 
appreciated that in the flow meters which use orifices the 
flow meter orifices themselves can be adjustable to fine 
tune measurement of the various flow parameters. 

According to the present invention there is provided 
apparatus for determining the flow rate of each phase of 
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a multi-phase fluid in a pipe, said apparatus comprising; 

first and second spaced flowmeters for receiving said 
multi-phase fluid, 

at least one flow restriction means associated with 
said first and said second flowmeters, and 

fluid density measurement means coupled to said first 
and to said second flowmeters for measuring the density of 
said multi-phase fluid flowing therethrough, the 
arrangement being such that said apparatus is locatable in 
any spatial orientation to determine the flow rate in said 
multi-phase fluid. 

Preferably said first and second flowmeters are 
located in series and separated by a flow restriction 
means. Conveniently, said flow restriction means is an 
orifice plate. Alternatively said first and second flow 
meters are connected in parallel, each of said first and 
second flowmeters being connected in series with a flow 
restriction means. Conveniently said flow restriction 
means is an orifice plate. 

One flow restriction means is upstream of the first 
flowmeter and the other flow restriction means is 
downstream of the second flowmeter. Conveniently, the 
flowmeters are venturi flowmeters-. Alternatively, the 
flowmeters are orifice meters. 

According to one aspect of the present invention 
there is provided apparatus for determining the flow rate 
of a multi-phase fluid in a pipe, said pipe being adapted 
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to be coupled to a source of hydrocarbon from a well, said 
apparatus comprising, 

a first flow meter for connecting to a source of 
multi-phase fluid whose flow is to be measured, 

a restriction orifice or choke located downstream of 
said first flow meter for receiving multi-phase fluid from 
said first flow meter, 

a second flow meter located downstream of said 
restriction orifice or choke, 

said first flow meter having at least two pressure 
sensors disposed along the length thereof for taking 
pressure measurements, fluid density measuring means 
associated with said first flow meter and with said second 
flow meter for measuring the density of fluid in said 
first and said second flowmeters, whereby, in use, the 
said at least two pressure sensors associated with said 
first flow meter and said density measuring means is used 
to determine the first bulk flow rate of said multi-phase 
fluid, and as the multi-phase fluid from said first flow 
meter passes through the choke the pressure reduces 
causing a gaseous phase to break from the oil phase 
increasing total fluid volume and velocity whereby said 
second flow meter with said at least two pressure 
transducers and said density measuring means provides 
measurement of the second bulk flow rate, said first and 
said second bulk flow rates being used to calculate the 
totai flow of each phase and the flow rate of each phase 
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flow rate at atmospheric conditions. 

Preferably, the first and the second flow meters are 
venturi meters. Alternatively, the first and second flow 
meters are orifice meters. 

Preferably also, the first and second venturi or 
orifice flow meters use three pressure transducers to 
monitor pressure therealong. 

Conveniently, the density measuring means is a 
parallel pipe with two or more pressure sensors to provide 
an indication of density. Preferably though the density 
meter is a microwave-based measurement system and one 
density meter is associated with each flow meter. 

Conveniently, the density meter is a microwave-based 
system, for example the STAR water-cut monitor marketed by 
Texaco. 

Conveniently, also the orifices in the orifice-based 
flow meters are adjustable to regulate the flow rate. 

Conveniently, both first and second flow meters in 
the choke are located in a single section of pipe. 

According to a further aspect of the present 
invention there is provided a method of determining the 
method of measuring the flow rate of a multi-phase fluid 
in a pipe, said. method comprising the steps of passing^the 
fluid whose flow rate is to be measured through a first 
flow meter, measuring the density of the fluid and the 
pressure differential using a venturi or orifice meter and 
determining the flow rate of the fluid, passing the fluid 
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from the first flow meter through a restriction orifice oi 
choke to a second flow meter, said fluid when passed 
through said choke being at a reduced pressure such that 
the gas phase breaks from the oil phase whereby total 
fluid volume increases and the velocity increases, 

measuring the density and differential pressure in 
the second flow meter and using these values to determine 
the flow rate in the second flow meter, 

comparing the flow rates through the first and second 
flow meters and using the results of the comparison, 
together with the change of water/oil ratios and providing 
an absolute flow rate measurement for the multi-phase 
fluid at atmospheric conditions. 

Preferably, the method includes passing the fluid 
through a first venturi, through a restriction orifice and 
then through a second venturi in series and in line with 
the first venturi. Alternatively, the fluid is passed 
through a first orifice meter having a restriction orifice 
and providing measurement transducers on either side of 
the orifice to calculate the pressure differential along 
the orifice meter and combining value of density together 
with the pressure differential to calculate the flow 
rate. Repeating this^for the second flow meter when it 
is also an orifice meter. 

Advantageously, three pressure measurements may be 
taken at various points in each flow meter, although it 
will be appreciated that two pressure measurements from 
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each flow meter are sufficient to provide a pressure 
differential for use with Bernoullis equation together 
with density of the liquid in order to calculate the flow 
rate through a particular flow meter. 

These and other aspects of the invention will become 
apparent from the following description when taken in 
combination with the accompanying drawings in which:- 

Fig. 1 is a diagrammatic representation in accordance 
with a first embodiment of a multi-phase flow meter in 
accordance with the present invention; 

Fig. 2 is a diagrammatic view of an alternative 
embodiment of a multi-phase flow meter; 

Figure 3 is a graph of the water/oil ratio percentage 
versus pressure; 

Figure 4 is a graph of bulk flow rate versus pressure 
for the oil, water and gas; 

Figure 5 is a diagrammatic view of an alternative 
embodiment of the present invention; 

Fig. 6 is a schematic diagram of a mobile process 
equipment package which is required to test exploration 
and appraisal of wells, and 

Fig. 7 is a schematic diagram of an equivalent 
_ package to that in Fig. 6 utilising^the multi-phase flow 
meter according to the embodiment of present invention 
showm in Figure 1. 

Reference is first made to Fig. 1 of the drawings 
which depicts a first embodiment of a multi-phase flow 
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meter which consists of a pipe section generally indicated 
by reference numeral 10 and which has a pipe wall 12 which 
defines a first venturi flow meter indicated by reference 
numeral 14 , a restriction orifice or choke 16 and a second 
venturi flow meter indicated by reference numeral 18. 
Elements 14 , 16 , 18 are in series with first flow meter 14 
being the upstream flow meter which is connected to a 
supply of well test fluid (not shown) such as an outlet 
from a test tree on the rig floor. It will be 
appreciated that the venturi 14 and 18 are formed by 
restrictions in the wall of the pipe 10. The first flow 
meter has three pressure transducers 20, 22 and 24 located 
in the pipe wall for taking pressure measurements from 
positions PI, P2 and P3 and, similarly, flow meter 18 has 
three pressure transducers 26, 28 and 30 for taking 
measurements at positions P4, P5 and P6. It will be 
appreciated that the pressure measurements taken from 
positions Pi, P2 and P3 and also P4, P5 and P6 record the 
momentum change (pressure difference) of the fluid and 
thus the velocity of fluid flow can be calculated from 
Bernoulli's equation; 

z 3 

p is the differential pressure measured 
f> is the density of the fluid in the flowmeter 
g is a gravitational constant, and 



Where: 
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v is the velocity of the fluid in the flowmeter 
Thus rearranging the equation gives, 



The density and the water/oil mixture (water cut) 
of the fluid flowing via the first restriction, i.e. the 
venturi neck, can be determined by using a density meter 
32 such as a microwave based STARCUT water monitor 
(Texaco) . Similarly, a second density meter 34 is 
coupled to the second flow meter 18 for measuring the 
density of fluid within this flow meter. 

With the differential pressure measurements created 
by the venturi and sensed using transducers 20, 22 and 24 
in the first flow meter or transducers 26, 28 and 30 in 
the second transducer together with the density 
measurements from density meters 34 and 36, it is 
possible, by Bemoullis equation, to establish a mass or 
bulk flow rate. 

In operation,—, well fluid flows into the multi-phase 
transducer and, in particular, firstly through the first 
flow meter 14. The differential pressure created by the 
first venturi and measured at positions PI and P2 or P2 
and P3 is used to record a momentum change and thus the 
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velocity of the fluid flow. Similarly, the density meter 
or the microwave density meter 34 provides a value of 
density and water/oil ratio and the use of the velocity 
and density rate is used to provide a value of the bulk 
flow rate through the first flow meter. 

Fluid leaving the first flow meter passes through the 
choke 16 which is in fact a small orifice in the pipe and 
fluid passing through the orifice enters the second flow 
meter 18. As the fluid leaves the choke 16 the pressure 
reduces and this causes the gas phase within the 
multi-phase fluid to break from the oil phase whereby the 
total fluid volume increases and the velocity increases. 
The fluid in the second flow meter then passes via a 
second venturi restriction and the differential pressure 
created in the second flow meter is measured by 
transducers 26, 28 and 30 or pairs of transducers such as 
P4 and P5 or P5 and P6 to create a differential pressure 
value. The differential pressure value which is measured 
is used together with the value of the density and 
water/oil ratio obtained by the second density meter 34 to 
create a second bulk flow rate value. The density meter 
value is used to establish a persentage relation in oil 
rate/versus pressure_drop . Additionally, if a microwave 
density meter is used, this will establish total liquid 
production at each meter, and comparison of upstream and 
downstream gavities and mass f lowrate will provide an 



WO 95/02165 PCT/GB94/01442 

- 13 - 

accurate gas flow rate. 

The first and second bulk flow rate values are 
compared and simultaneously the change of water/oil ratios 
are also compared- The oil/water ratios (%) are related to 
pressure and these can be calculated from the graph shown 
in Figure 3. This means that the flow of each separate 
phase can be calculated by extrapolation from the values 
using the graph shown in Figure 4 to provide a bulk flow 
rate value for each fluid phase of the multi-phase fluid 
at atmospheric conditions (15 p.s.i.). Therefore the 
increase in gas flowrate equals the difference between the 
bulk flow rates plus the reduction in oil rate and the 
reduction in oil rate equals the difference in oil/water 
ratios. The gas and oil rate can be calculated by using an 
algorithm to the oil/water ratios and bulk flow rate 
values. The algorithms, which are not part of this 
invention, are derived from a database constructing from a 
large amount of measured data. Curve fitting programmes 
are used to provide comparisons between the measured data 
and the database to provide individual flowrates for each 
phase. This will enable the database and the algorithms to 
be updated continuously. In particular from Figure 5 it 
jfill be seen that as the pressure falls ^he bulk flow rate 
of oil decreases whilst that for gas increases, water 
remaining constant. Thus means that the persentage of 
water to oil increases in the mixture. At around 2 00 Ops i 
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there is about 20 % water whereas at 15psi (atmospheric 
conditions) there is about 40 % water in the fluid 
mixture. 

Reference is now made to the embodiments shown in 
Fig, 2 of the drawings which is similar to that shown in 
Fig, 1 except that the venturi flow meters are replaced by 
orifice meters generally indicated by reference numerals 
36 and 38. It will be appreciated that like numerals 
refer to like parts in this embodiment. As with the 
venturi meter the orifice meters create a pressure 
differential which is measured upstream and downstream of 
the meter by pressure sensors Pi and P2 or PI and P3 for 
the first orifice meter 36 and by P4 and P6 or by P5 and 
P6 for the second orifice meter 38. As with the 
embodiment in Fig. 1 these orifice meters and the density 
meters 32 and 34 provide bulk flow rate values through the 
first and second flow rate meters 36 and 38 enabling an 
absolute flow rate and atmospheric conditions to be 
determined using the structure of this embodiment. 

Reference is now made to figure 5 of the drawings 
which depicts an alternative embodiment of a multi-phase 
flowmeter in accordance with the present invention. In 
_this case two fluid flowmeters with associated flow 

restriction orifices are connected in parallel instead of 
in series. 

Hydrocarbons from the well pass through pipe 100 
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which splits into two pipes 102, 104 which feed venturi 
flowmeters 106, 108 respectively. Each pipe 102 , 104 
carries 50 % of the flow. 

In order to calculate the flow rate of each phase at 
atmospheric conditions, it is necessary to obtain at least 
2 values of bulk flow rate and water/oil percentage to be 
able to extrapolate the measured data as described above. 
This is achieved by locating restrictive orifices or 
chokes 110,112 in series with the flowmeters 106, 108 
respectively. 

A pressure senser measures pressure at the inlet 
position Pi to the orifice 110 and, as in the Figure 1 
embodiment, the venturi flowmeter has three pressure 
transducers P 12 , P13 and P 14 in the pipe wall at positions 
P 2 , P3 and P 4 . The density of fluid at the inlet and 
outlet is measured using STARCUT water monitors 114,116 
respectively and, using these values and Bernoulli's 
equation, the bulk flow rate in venturi flowmeter 106 can 
be calculated* This is repeated for orifice 112 and 
flowmeter 108 using pressure measurements for P21, P 22 # 
P23 and P24 at positions P 1# P 2 , P3 and P 4 and density 
values for STARCUT density meters 118, 120 respectively. 

Xt will be appreciated that flowmeter 10J5 gives the 
effective flow rate of 50 % the well at upstream orifice 
conditions whereas flowmeter 108 provides effective flow 
at downstream orifice conditions. 
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It will be appreciated that various modifications may 
be made to the embodiments hereinbefore described without 
departing from the scope of the invention. For example, 
it will be appreciated that in the embodiments of Fig. l 
and Fig. 2 an adjustable choke disposed between the first 
and second flow meters can be used with the adjustment 
allowing the flow rate of the well to be altered enabling 
well productivity to be established at different flow 
rates. This also permits the flow to be conveniently 
controlled to enable the measuring system to operate in 
its most efficient range. Adjustable chokes can also be 
used with the Figure 5 embodiment. It will also be 
appreciated that, in each embodiment, the flow meters can 
be venturi meters or orifice meters or a combinant of 
these, it will also be appreciated that although three 
pressure transducers are shown in each of the embodiments 
in Fig. l Fig. 2 and Figure 6 for the venturi flowmeters, 
each flow meter may use only two transducers to determine 
the pressure differential to calculate flow velocity. in 
addition, it will be appreciated that various other types 
of density meters may be used instead of a microwave-based 
system, for example, a parallel tube with two separate 
pressure sensors which is well known in the .art. 

In addition, it will be appreciated that the orifices 
in the first and second flow meters in Fig. 2 may be 
adjustable to further vary the flow rate. 
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It will be appreciated that the present invention 
provides a significant advantage in that the bore through 
which the hydrocarbon product flows is not obstructed by 
any component of the meter as is the case if the meter 
comprises a propeller or impeller which is rotated by 
movement of fluid past it. The lack of obstruction in 
the pipe makes the system far less susceptible to erosion 
or plugging which may result from unconsolidated formation 
particles and accuracy of measurement. In addition, the 
system can be used on the surface in any spatial 
orientation and can be readily connected to an existing 
fluid outlet from a conventional tree, thus minimising the 
necessity to run tools into wells which is both time 
consuming, expensive and which is more hazardous. The 
embodiment showm in Figure 6 is particularly compact and 
is suitable for use on sites where space is restricted. 
The use of separate meters with each flowmeter improves 
the accuracy of phase flow rate calculations. 

It will be appreciated that the use of a multi-phase 
flow meter in accordance with the present invention 
provides a substantial reduction in off-shore process 
equipment. For example, Fig. 6 depicts a schematic 
diagram of an existing mobile process package which is 
utilised to test exploration wells and also to appraise 
existing wells. It should be understood that all of this 
equipment has to be transported between the rig and shore 
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each time it is used which is, as mentioned above, time 
consuming and expensive* In contrast, the schematic 
diagram of Fig. 7 depicts an equivalent bio-process 
package incorporating a multi-phase flow meter in 
accordance with the Figure 1 embodiment of the present 
invention. It will be seen that the resultant reduction 
in equipment offers a large reduction in both manpower 
requirements and hazardous situation over the existing 
system. 
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CLAIMS 

1. Apparatus for determining the flow rate of each phase 
of a multi-phase fluid in a pipe, said apparatus 
comprising; 

first and second spaced flowmeters for receiving said 
multi-phase fluid, 

at least one flow restriction means associated with 
said first and said second flowmeters, and 

fluid density measurement means coupled to said first 
and to said second flowmeters for measuring the density of 
said multi-phase fluid flowing therethrough, the 
arrangement being such that said apparatus is locatable in 
any spatial orientation to determine the flow rate in said 
multi-phase fluid. 

2. Apparatus as claimed in claim 1 wherein said first 
and second flowmeters are located in series and separated 
by a flow restriction means. 

3. Apparatus as claimed in claim 1 or claim 2 wherein 
said flow restriction means is an orifice plate. 

4. Apparatus as claimed in claim 1 wherein said first 
and second flow meters are connected in parallel, each of 
said first and second flowmeters being connected^ in series 
with a flow restriction means. 

5. Apparatus as claimed in claim 4 wherein said flow 
restriction means is an orifice plate. 
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6. Apparatus as claimed in claim 5 wherein one flow 
restriction means is upstream of the first flowmeter and 
the other flow restriction means is downstream of the 
second flowmeter. 

7. Apparatus for determining the flow rate of a 
multi-phase fluid in a pipe, said pipe being adapted to be 
coupled to a source of hydrocarbon from a well, said 
apparatus comprising, 

a first flow meter for connecting to a source of 
multi-phase fluid whose flow is to be measured, 

a restriction orifice or choke located downstream of 
said first flow meter for receiving multi-phase fluid from 
said first flow meter, 

a second flow meter located downstream of said 
restriction orifice or choke, 

said first flow meter having at least two pressure 
sensors disposed along the length thereof for taking 
pressure measurements, fluid density measuring means 
associated with said first flow meter and with said second 
flow meter for measuring the density of fluid in said 
first and said second flowmeters, whereby, in use, the 
said at least two pressure sensors associated with said 
t£rst flow meter and said density measuring means is used 
to determine the first bulk flow rate of said multi-phase 
fluid , and as the multi-phase fluid from said first flow 
meter passes through the choke the pressure reduces 
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causing a gaseous phase to break from the oil phase 
increasing total fluid volume and velocity whereby said 
second flow meter with said at least two pressure 
transducers and said density measuring means provides 
measurement of the second bulk flow rate, said first and 
said second bulk flow rates being used to calculate the 
total flow of each phase and the flow rate of each phase 
flow rate at atmospheric conditions. 

8. Apparatus as claimed in claim 7 wherein the first and 
the second flow meters are venturi meters . 

9. Apparatus as claimed in claim 7 wherein the first and 
second flow meters are orifice meters. 

10. Apparatus as claimed in any one of claims 7,8 or 9 
wherein the first and second venturi or orifice flow 
meters use three pressure transducers to monitor pressure 
therealong. 

11. Apparatus as claimed in any one of claims 7 to 10 
wherein the density measuring means is a parallel pipe 
with two or more pressure sensors to provide an indication 
of density. 

12. Apparatus as claimed in claim 11 wherein the density 
meter is a microwave-based measurement system and one 
density meter is associated with each flow meter. 

13. Apparatus as claimed in any one of claim 9 to 12 
wherein the orifices in the orifice-based flow meters are 
adjustable to regulate the flow rate. 
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14 • Apparatus as claimed in any one of claims 7 to 13 
both first and second flow meters in the choke are located 
in a single section of pipe, 

15 • A method of determining the method of measuring the 
flow rate of a multi-phase fluid in a pipe, said method 
comprising the steps of passing the fluid whose flow rate 
is to be measured through a first flow meter, measuring 
the density of the fluid and the pressure differential 
using a venturi or orifice meter and determining the flow 
rate of the fluid, passing the fluid from the first flow 
meter through a restriction orifice or choke to a second 
flow meter, said fluid when passed through said choke 
being at a reduced pressure such that the gas phase breaks 
from the oil phase whereby total fluid volume increases 
and the velocity increases, 

measuring the density and differential pressure in 
the second flow meter and using these values to determine 
the flow rate in the second flow meter, 

comparing the flow rates through the first and second 
flow meters and using the results of the comparison, 
together with the change of water/oil ratios and providing 
an absolute flow rate measurement for the multi-phase 
fluid at atmospheric conditions* 

16. A method as claimed in claim 15 including the step of 
passing the fluid through a first venturi, through a 
restriction orifice and then through a second venturi in 
series and in line with the first venturi. 
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17. A method as claimed in claim 15 including the step of 
passing the fluid through a first orifice meter having a 
restriction orifice and providing measurement transducers 
on either side of the orifice to calculate the pressure 
differential along the orifice meter and combining value 
of density together with the pressure differential to 
calculate the flow rate. 

18. A method as claimed in claim 17 including the step of 
repeating this for the second flow meter when it is also 
an orifice meter. 

19. A method of determining the flow rate of each 
component of a multi-phase fluid flowing in a pipe, said 
method comprising the steps of, 

passing the fluid through first and second flowmeters, and 
through at least one restriction orifice associated with 
said first and second flowmeters, 

measuring the density of the fluid passing through each 
flowmeter, 

measuring pressure differentials across said first and 
second flowmeter, 

denoting the bulk flow rate through said first and said 
second flowmeters, 

comparing „said bulk flowmeters and, using the resists of 
said comparison, and the information about the change of 
water/oil ratios, and providing a value of flow rate 
measurement of each phase of the multi-phase fluid at 
atmospheric conditions. 
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20 A method as claimed in claim 19 wherein said method 
comprises the step of passing said multi-phase fluid 
through first and second flowmeters in parallel, with 
substantially half of the total fluid passing through each 
flowmeter. 

21. A method as claimed in claim 20 wherein one half the 
fluid is passed through a first flow restriction orifice 
upstream of said first flowmeter and the other half of the 
fluid is passed through a second flow restriction orifice 
dowmstream of said flowmeter. 
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